We employ a layer-by-layer adsorption technique for deposition on solid substrates of polyionic films of Chicago Sky Blue. Film growth was significant with the increasing number of layers. Photochemical properties of these films are investigated for different ionic concentrations. A significant blue shift is observed with the increasing ionic strength of the solution, suggesting the formation of aggregation. Temperature effect studies show some preferable reorientation of molecules in the film during cooling process. Most remarkable observation is that the absorption intensity is the highest for a particular degree of inclination. Deposition time is fixed at 15 min because adsorption kinetics results show saturation after 15 min.
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There has been a great interest in molecularly organized ultra thin films of azo dye prepared with layerby-layer (LBL) electrostatic self assembly technique [1] due to their potential applications in the fields of photonics, [2] optoelectronic and molecular electronic devices. [3−5] Alternating adsorption of a polycation and polyanion is readily achieved by overcompensation of poly electrolytes adsorbing on oppositely charged surfaces. [6] This technique has several advantages compared to the LB technique [7] owing to the simplicity of fabrication of ultra thin films of nano order range. A large variety of water soluble and bio-active molecules can be used in the fabrication of ultra thin film. [8, 9] CSB is a large azo dye with two or more azo group and sulfonate groups that provide solubility in water.
[10] CSB dye forms relatively strong dye-substrate intermolecular interactions that have wide range of applications. [11, 12] However, spectroscopic properties of CSB in restricted geometry of LBL self-assembled films have never been studied. In this Letter, we report the effect of temperature and ionic concentration on PAH-CSB LBL films. A substantial film growth is observed for forming aggregates due to change of ionic concentration. Temperature effect studies reveal a preferential orientation of CSB molecules in the LBL films.
For obtaining self-assembled films of CSB, a weak polyelectrolyte, namely, poly (allyl amine hydrochloride) (PAH) (molecular weight = 70000), purity > 99%, has been used as polycation. Both Chicago Sky Blue and the polymer were purchased from Aldrich Chemical Co., USA and were used without further purification. Electrolytic solution baths were prepared in Milli-Q water (18.2 MΩ). Quartz substrates were first dipped into the PAH solution for 15 min followed by rinsing in Milli-Q water baths for 2 min. The slides were then dipped into anionic bath for 15 min followed by similar rising in a separate set of water baths to result one bi-layer of PAH-CSB LBL film. Whole sequence was repeated to reach the desired number of PAH-CSB LBL films. UV-Vis absorption spectra were recorded using a spectrophotometer (Lambda-25, Perkin Elmer). Figure 1 shows the absorption spectra of different layered PAH-CSB LBL, films including 1-10 bilayers. In all the cases, absorption bands give similar spectral profile with peaks at 610 nm and 330 nm. This clearly indicates that CSB molecules are successfully incorporated into PAH-CSB LBL films due to interaction with PAH molecules. Inset in Fig. 1 shows the intensity of maximum absorption (610 nm) as a function of the layer number. It is evident that intensity of this band increases linearly with 0.0309 O.D/ bilayers, indicating uniform deposition of CSB molecules onto quartz substrate. To study the adsorption kinetics of PAH/CSB, we observed the UV-vis absorption spectra of PAH-CSB films deposited at different times of immersion of the films into solution. Figure 2 shows the maximum absorption as a function of deposition time. It is observed that rate of absorption increases initially up to a time of 10 min, then it gets saturated and becomes almost constant. This may be due to end of interaction between PAH and CSB molecules within 10 min and no binding sites remain available for interaction. Effect of ionic strength on film formation was studied by fabricating LBL self-assembled films of PAH-CSB at different concentrations of NaCl. The highest NaCl concentration used was 1M as precipitation occurs above this concentration. Dipping solution was adjusted to four different ionic strengths by adding NaCl in concentrations 0(no salt), 0.1, 0.5, 1.0 M. From Fig. 3 , it is observed that there is shift of absorption band of PAH-CSB films with the increasing ionic strength of solution. Compared with the maximum absorbance of solution at different ionic strengths (not shown in figure) it can be concluded that the blue shift suggests that the formed aggregates in solution were successfully and directly adsorbed on the surface of the substrate.
To study the temperature effect on the UV-Vis spectra, we performed a heating cooling cycle in the range of 30-90
• C on the samples. UV-Vis spectra of films fabricated at 30-90
• C are shown in Fig. 4 . There was no change of absorption band position on reversible process with cooling but a hysteresis occurs. This suggests the change in possible preferential orientations of the chromophore in the multilayer during the process of cooling. Figure 5 shows the absorption spectra of PAH-CSB LBL films at different angles of incidence of radiation. It is noted that at 90
• of incident radiation, absorbance intensity is maximum. Increasing absorption intensity at a particular angle of incident radiation confirms that CBS molecules have a definite and specific orientation in the LBL films. A plausible explanation can be such that the maximum absorption will occur when the direction of the electric field of incident radiation is along the direction of dipole moment of CSB molecule. At other angles the dipole moment of CSB is not in the direction of electric field, so the intensity is less (inset in Fig. 5) . A schematic representation of orientation of CSB molecules in LBL films is shown in Fig. 6 . In conclusion, it can be said that self-assembled alternate multilayer PAH and CSB at various ionic strengths, from 0.1-1.0 M have been fabricated successfully. Absorption spectroscopic study of PAH/CSB films shows formation of well ordered aggregated films with increase of ionic strength of solution. It has also been demonstrated that the films are thermally stable and there is evidence of preferable orientation of CSB molecules during cooling. It is also observed that specific orientation of CSB molecules in the LBL films occurs, which can prove the way to systematic manipulation and reorientation of molecules in the multilayer assembly structure.
